A simple, rapid, qualitative method for classifying temperature-sensitive mutants of herpes simplex virus into functional complementation groups has been developed. The positive reaction observed in this test reflects the ability of mutant pairs to interact by both complementation and recombination.
For the complete genetic analysis of a virus, mutants with defects in all viral genes must be available for study. The herpesvirus genome is large and encodes approximately 100 genes; consequently, the task of saturating the genetic map is considerable.
Studies with temperature-sensitive (ts) mutants of herpes simplex virus types 1 (HSV-1) and 2 (HSV-2) conducted in this laboratory have resulted in the identification of 15 cistrons of HSV-1 (9) and 7 cistrons of HSV-2 (5) . In other studies with HSV ts mutants, Brown et al.
(1) have identified 8, and Hughes and Munyon (Abstr. Annu. Meet. Am. Soc. Microbiol. 1975, S322, p. 267) have identified 7 cistrons of HSV-1; Timbury (13) and Halliburton and Timbury (manuscript in preparation) have identified 13, and Koment and Rapp (6) have identified 2 cistrons of HSV-2. Whether any of the complementation groups identified in the various studies are the same has not yet been determined. In view of its size, therefore, it is clear that the number of cistrons identified to date accounts for only a small portion of the total coding capacity of the HSV genome.
Efforts to identify additional HSV cistrons should include combined tests with members of all existing complementation groups as well as newly isolated mutants not yet subjected to complementation analysis (7, 11, 14) . Although conventional methods of quantitative complementation are definitive in assigning mutants to new and existing complementation groups, they are both laborious and time-consuming.
To simplify the identification of new HSV cistrons, a qualitative complementation test has been developed. The present report de- scribes the test and demonstrates its usefulness for the rapid identification of new HSV cistrons.
MATERIALS AND METHODS Viruses. The isolation and preliminary characterization of the HSV-1 and HSV-2 ts mutants used in this study have been described previously (5, (8) (9) (10) . Two new ts mutants of HSV-2 strain 186 were isolated after UV mutagenesis as described previously for ts mutants of HSV-1 (9) . These mutants, designated ts49 and ts314, were isolated from wild-type virus suspensions treated with UV light for 60 s and 30 s, respectively. Both mutants revert with low frequency and exhibit multiplicity-dependent leak. Plating efficiencies of these mutants (PFU/ml, 38 C/34 C) are 2 x 10' and 4.6 x 10-', respectively. Based on analytical cesium chloride density gradient centrifugation of lysates of mutant-infected cells maintained at both 34 and 38 C (9), ts314 is DNA-and ts49 is DNA+. RESULTS Results of qualitative complementation tests. Three characteristic reactions were observed at sites on monolayers infected with mixed suspensions of mutants (Fig. 2) . (i) Negative reactions were characterized by intact monolayers; i.e., no evidence of lysis or clearing was observed ( Fig. 2A) . Mutant pairs that exhibited this reaction were said to produce negative spots. (ii) The most frequently observed positive reaction is illustrated in Fig. 2B . The monolayer beneath the site of infection was totally lysed, and large plaques were evident in the vicinity of the inoculation site ( Qualitative complementatoion test. Three fivefold dilutions of each mutant to be tested were prepared to contain 2 x 10', 4 x 105, and 8 x 104 PFU/ml. Equal volumes (0.5 ml) of two test mutants at the same dilution were mixed. Filter paper disks were saturated with each virus suspension, drained, and placed on Vero cell monolayers. Disks containing each test mutant alone were also placed on monolayers as controls. After incubation for 45 min at 37 C in a CO2 incubator, filter paper disks were removed and a methylcellulose overlay was added. Plates were incubated at the nonpermissive temperature for 3 or 4 days, neutral red was added, and reactions were read the following day. beneath the site of infection characteristically exhibited either complete lysis or a mottled appearance. Occasionally, tiny plaques were observed in the vicinity of the inoculation site. Positive reactions were less prominent at higher virus dilutions, demonstrating that the magnitude of the reaction was multiplicity dependent.
Although monolayers infected with suspensions of single mutants were usually intact at all dilutions tested ( Fig. 2A, B , and C, horizontal positions on monolayers as illustrated in Fig. 1 ), they occasionally exhibited minor mottling due to leak at the highest virus concentration tested.
Progeny analysis of virus produced in qualitative tests. To determine the temperature-sensitive phenotype of the progeny produced in mixed infections, virus was isolated from individual plaques and from the lysed monolayer (spot) directly beneath the inoculation disk. Progeny virus was tested from mixed infections with five HSV-1 ts mutant pairs which exhibited reactions of the type illustrated in Fig. 2B . Virus was also isolated from spots produced by two mutant pairs which exhibited the kind of reaction illustrated in Fig. 2C . Virus was assayed on Vero cell monolayers at 34 and 39 C. Representative results of these tests are shown in Table 1 . When progeny produced in the first type of reaction were tested, plating efficiencies (39 C/34 C) of virus from isolated plaques ranged from 0.5 to 1.2 PFU/ml and from spots, 1.0 to 1.3 PFU/ml. Thus, progeny virus plated nearly as well at 39 C as at 34 C, demonstrating that it was phenotypically ts+. Since single mutant controls were negative, this virus was generated by recombination and not reversion. Furthermore, since this type of reaction was characteristic of nearly all positive tests, recombination had occurred between most mutant pairs.
Progeny virus isolated from spots produced in the second type of positive reaction (Fig. 2C ) produced plaques at 34 C but not at 39 C, indicating that this virus was phenotypically ts and was generated by complementation.
Comparison of results of qualitative and quantitative complementation tests with ts mutants of HSV-1 and HSV-2. Fifteen ts mutants of HSV-1 representing 15 cistrons (A through 0; 9) and 8 HSV-2 mutants representing 7 cistrons (A through G; 10) were tested for their ability to interact in the qualitative complementation test. Results of these tests were compared with previously determined results of quantitative complementation and recombination tests (Table 2 ). Since recombinant virus was produced in most cases, recombination frequencies are also shown (10) . Two mutants, tsE5 and tsE6, in the same complementation group as determined by negative results in quantitative tests were negative in the qualitative test as well. In tests with mutants in two other complementation groups, the results of qualitative and quantitative tests also agreed well (i.e., tsE5 and tsE6 x tsC4, and tsE5 and tsE6 x ts022). In tests of mutants representing all 15 cistrons, the qualitative test was negative, whereas the quantitative test had been positive in only one case (tsC4 x ts022). Since more definitive quantitative tests had previously demonstrated that the two mutants were defective in different cistrons, this reaction was thus a "false-negative" result.
In qualitative tests of HSV-2 ts mutants, only tsAl and tsA8 exhibited a negative reaction (Table 2 ). These mutants are in the same complementation group as demonstrated by quantitative tests, and they recombine poorly. All other qualitative tests were between mutant pairs previously shown to represent different complementation groups by quantitative tests, and all pairs gave positive results in the qualitative test. The great majority of positive spots produced by HSV-2 ts mutant pairs were also of the "recombinant" type. In fact, the magnitude of positive reactions produced by both HSV-1 and HSV-2 mutant pairs was a better reflection of the efficiency of recombination (10) than the efficiency of complementation (5, 9).
VOI>. 16, 1975 (Table 4) . Mutant ts314 complemented mutants representing six of seven complementation groups in the qualitative test and seven of seven groups in the quantitative test. Repeat tests of ts314 with tsAl and tsA8, which were negative in the qualitative test, were positive in the more sensitive quantitative test. Therefore, by combined qualitative and quantitative complementation tests, ts314 was shown to represent a new HSV-2 cistron. This cistron has been designated H, and the mutant ts314 has been renamed tsH10. Mutant ts49, on the other hand, failed to complement the group D mutant in both kinds of tests and was, therefore, assigned to that group; ts49 has been designated tsD 11 . DISCUSSION This paper describes a rapid, simple qualitative complementation test for ts mutants of herpes simplex virus. Two qualitative complementation tests have been described recently for ts mutants of simian virus 40 (2, 12) . Since recombination occurs rarely in the SV40 system, the positive reaction in both tests is based upon the ability of mutant pairs to generate The age of the Vero monolayers was found to influence the results of qualitative tests. Subconfluent monolayers exhibited extensive leak and nonspecific damage, even when inoculated with single mutant control suspensions, thus making results difficult to interpret. Consequently, fully confluent 3-to 4-day-old monolayers were used.
Results were least ambiguous if tests were evaluated after 4 or 5 days of incubation (4 days was optimal for HSV-2 and 5 days was optimal for HSV-1). After longer periods of incubation (as long as 7 days), the interpretation of results remained unchanged.
Mutants that exhibit moderate levels of leak and reversion are often the best mutants to be used in genetic and biochemical studies since those which fail to leak or revert may contain more than one mutation. One advantage of the qualitative complementation test is that it is applicable to mutants with low and moderate levels of leak and/or reversion. Mutants with leak or reversion levels equal to or less than the lowest virus concentration tested, i.e., 104 PFU/ ml, would be suitable for qualitative complementation tests. Furthermore, for very leaky mutants the highest concentration of each mutant that fails to exhibit leak can be determined readily before testing.
The results presented in this report demonstrate that the qualitative complementation test offers a rapid and sensitive means for assigning mutants of HSV-1 and HSV-2 to new and existing complementation groups and that patterns of complementation obtained by this method and the more laborious quantitative method agree well. We estimate that the time saved through the use of the qualitative test is such that 1 year of quantitative tests can now be completed in 1 or 2 months. The test is currently being used for screening new ts mutants of HSV and for comparative complementation studies between groups of HSV-1 and HSV-2 ts mutants isolated in different laboratories.
